
A major purpose of the Techni-
cal Infwnation Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’S Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR -90-2312
,

LA-uR--9O-2312

DE90 015029

TITLE HOLDUPCOUNTERSFOR THE PLUTONIUMFUEL PRODUCTIONFACILITY--PFPF

AUTHOR(S) M. C. Miller, H. O. !fenlove, M. Seya,
S. Takahamhi, and R. Abedin-Zaieh

SUHMITTEDTO Institute of Nuclear Haterials Management
31at Annual Meeting
LOM An~+i?.tI, California
July 15-18, 1990
( FULL PAPER)

DISCLAIMER

Thrn rcpMI wu pfqmrcd u ●n tccounl or wwk qmnmrd hy ●n agency or the lJnimd SIaIcc
(JJrnmcnt. Ncikr Ihc IJrrikd SIaIm (krvernmcm nor any wncy UICrarf, mrr any of tkir
crnphlyccu makca ●ry wnrrwtly, clprcu {w implied, or mcrrmcr ●ny icad Iimbllily IX raapr4wi-
Irilily k Ihc accuracy. tmmpkncm, or uachrlncaI of any informntmrr, qqmr~m~, prrduct, w
pmcm dixltmd, or qrrmcntfi thm[ its ux WOWICIrnrI infringe privutcly Irwnal righm ltcfcr-
CIWXkrcin 10 ~ny mpific LwrrmcrLvd pduct, pmmws. W scrvicr hy Irdc n-me, Iradcmarh,
manuf~clurcr, or otkrwrx drm IWI ncceaaarily curmlilulc IW imply ilm cnrhmcmcm, rc4ann.
mcrnlalitm, or ravoring hy the I Inilcd SIMti (kwcrnrncnl m Any ●UCIWYIhcratf. lhc vbws
●nd trpiniwm al ●ullrom eqwcd herein rkt mri IWCmarily nlalc or mllcct lhIm tlr lb
lhrlted!il at~(hvcrnnmnltwmryqcncylkrd.

RW.rIt ●V14111● al*IS%.II* I ‘- 9W o,tlwlnm ,Wrqmlea Ihal I-- IJ S flawmnmmrl tmldmq n nflment.lu%wm W.ally.lrw IICW’IU 10 pubhsh or VmDrMut.W

,.* ~,,~, ,h* ,,,,,.. ,1 1“ , , ,,l. f, ~u! .,,, .? IIJ allow Ofnerq 16 rjo w b u 9 f~ovarllmn,.1 INJIDUS@S

t-. , ,, 41a,.., M ,~*1,,,.%As\ ~t,,y .#w, .P,I.,-.I. IhaI mm IIU~l,SWP Il@m IV th,. .qrl,rlp A. ● wh Omrlu, m.d ,,n~er !ha #USBICaL 0/ the \J s ~DaltI’nmll! ,1! I IS191.~,

Los
DISTRIBUnON OF THIS DOCUMENT Is UPluMllEClS’

@ [f!
“’t”! i

Aslalirms

/ ‘J”* ‘ ‘i

Los Alamos National Laboratory
Los Alamos,New Mexico 87545

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



FOR

c.Milkand H. O. Menloveb~.
Los Alarms National Mcssmory
GIOUDN-1. MS E540
h AhrnoS, NM 87545

ABSTRACT

USA

HOLDUP COUNTERS
THE PLUTONIU:NI FUEL PRODUCTION F.4CILITY.-PFPF”

M. Seya and S. Takahashi R. Abcdirs-Zadeh
Power Rc ictor & Nuclear Fuel Dcv. Corn lntematiomd Atomic Encr,w Agency
319-11 Tokai-Muss
Ibaraki, JAPAN

A neuuon coincidence counting sys!em has been devel-
oped for assaying plu~onium holdup in glove kxes w the
automawd mixed-oxide fuel fabrication facility. FFPF, in
Japan. The rime comclatcd nemron emission rate arising from
r.hesponsancous fission decay of plutonium isotopes is rnca-
su.rcdmd convettd to grams of plutonium containd in the
glove Mx. Each detection s stem consists of a pau of

Kpolyethylene slabs containing He proponiomd counters and
associated elccuonics. These slabs are placed on eirhcr side of
the glove box that is to be measured for plutonium holdup.
The dctccmrs arc moved by a portable lifter to mapout the
coincidence response from the entire glove box. RCSUIMof ●

design optimimtion study that considered dctwtor efficiency.
as well as overall size and weight and how these parameters
interface with the prcxedurc of mapping the glove tmx, uc
prcwmxl. I%e use of [he Los Alamo! mansporr cede, MCNP,
in the &tcctor design optimization md in theaid of cd’ btation
is also discusd.

INTRODUCTION

Material Accountancy

For inspection and inven[o~ conuol at plutonium fabrica-
tion facilities, it is necessary to mc.asurc a significant fraction
O{the plutonium present. At huger facilities, the inevitable ac-
cumulation of residuaJ plutonium contained in process equip-
ment, or prcass huldup, prcserm a material accountancy and
verification roblcm because i: is normall not measured, It

f iwould them orc be desirable to measure t is material. Such
mcasurcmcnrs arc difticult to perform in general, primarily tc-
causc of si@ variations as d result of gcomcnic and attenua-
tion effects. Nondestructive measurements could pomntially
lx made using either aroma-ray or neuttcm based mchniques.

fGarnms-rmy methods ave been developed thatamapplicable
to ldOtiVCi)’ $tlld holdup mlLSSCS snd M9@M the CStiMStiOtt of
self-a[muation losses. As the plutonium msss incrcascs,
gmrsts-mv metkds become impractical because Lhes sclf-
attenuntion losses become trm large to con’cct accurmely. At-
tenuation M a result of !nc process equipment adds to this
problem, !’dcutrons arc more ~nctrskng than gamma rnys md
src therefore better sut:cd for measuring Inrge masses sur-
————
●llia wmk is supptmed by (he U. S. De artment of Energy in

F!coopcmtion with [h: Power Reactor & uclcar Fuel Develop-
ment Corp. of Japan und the Inlernationrd Atomic Energy
Agency,

---
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rounded by bulky quipmcnt. In either method, gcomcrnc ef-
fects pmscnt a cha.flcnge for detector calibration,

Tlu Plutonium Fuel F%xJuct.ionFacility (PFPF) presents a
favorable case for the applicator of holdup mcasurcmen[s
prirnaril y because she plant is automated and the in-process
plutonium is remotely stored. As a rcsuh of this automation,
mataial tends to be mere 10cdiz4 and M in-prcccss nmcrials
can lx removed to the shielded intcmncdiate storage during
mcasurcmcm of the holdup in the glove boxes. Both of t.hesc
aspects benefit an assay. Neuron coincidence I counwrs,
crdlcd dlovc-box assay systems (GBAS) have &n developed
that enable the process holdup to bemeasuredin situ without
spcciaf clc.wtast prmcdures Ixfore the assay. The= detaors
measure M tirztc-ccmdatcd neutron emission from tie even
isotopes of plutonium and provide a measure of the total
amount of plutonium when combined with the isotopics of the
sample. ‘flucc identical pairs of slab detectors will lx installed
and calibmtcd in June 1990 at PFPF. The identical nature of
the slabs provides redundancy, and having multiple uni[s
snows for easy access to the three production process areas.
Monte &lo neunxmic caiculatiom were performed slmulamsg
tie detcctcw rcspmsc to optimize the design and refine dlc
mcasummcntsm

DETECTOR DESIGN AND DESCRIPTION

Design considerations am ccnterd primnrily on obmining
maximum efficiency withs minimum wcigh[ and characmriz-
ing the response profde. Figure 1 is a schematic top view of u
typical g: jve bn/detector amngemcnt. The two slub detec-
tors are psit.ioncd on either side of tlw glove bux lurid move in
unison to map cmt the coincidence rcspsnse from tie pluto-
nium residing in the glove box, A leaded Plexiglas shich.t is
PM of the glove-box annngemcnt that serves [o provide
shielding from low~nergy gamma mys, Because the shield
has u high hydrogen content and (foes not contain a neutron

r
ison, h thrrtulims neutrms so thcv can b captured by tl.e

He proprmiona.1 counters that arc embedded in the high-den-
sity polyethylene detector slab. The Los Ahtrrws transport
code MCNP2 simulated the glove box, Plexiglass shield, und
detector in the eflon to incorporate the existing shield inv) [hc
detector design. The moderation provided by !he Plcxiglus
shield allowed the detector slab to b only 7,6 cm thick I(m (Ip-
timum efficiency compamd to 10 cm for a slub t!c[cc[ur w IIh -

out the Plexiglas shield. l%is reduced thickness results III ii

substantial weight reduction wi[hout lUSSin dclcc[~)r pcrt’or-
rnance.
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Fig, 1. Schematic top view of glove box, leaded Plexigia
shield, and dab &tecwrs.

The detector efficiency is defined as the response from a
pair of detectors 134 cm apart to a 2~2Cf source placed in the
center between the slabs, A design goal of at least 4% effi-
ciency was selected to enable coincidence counting techniques
to bc used effectively. Relat~A to this pcrfotmance criteria is
the practical requirement that the mapping of the glove box
needs to be done in a reasonable amount of time (that is, the
fewest number of discrete positions along the glove box tha:
still yields acceptable results). TIM combination of tlwc goals
results in the dimensions shown in Fig, 2 and charactet$stics
summarized in Table 1.

The eflicicncy of the detector system was measured at the
Los Alamos National Laboratory, where the leaded Plcxifilas
shield was ttplaced with an quivalcnt moderating thickness of
high-density polyethylcrw. This polycthylcnc curtain was
hung from the detector junction box, adding an additional
2.5 cm of thickness to the detector slab, Shorter versions of
these curtains will bc used for areas of the glove box not cov-
ered by the Plexiglas shield, Figure 3 is a photograph of a set
of detectors at the Los Alatnos test facility with the polycthy -
Ienc curtains in place, [n between the slabs is a glove-box
mock-up to simulate sornc of the scattering cfferxi that will
a’cur in the actual glove box, ‘l%c die-away time for these
detectors is somewhat longer than other Poiycthylcne.modcr.
itted instruments bccausc of the lack of an inner cadmium
lining, which is typical of other systcnl~, The itbscncc of

\
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Fig. 2. Sketch 6f slab detector showing polyethylene iiimrn ~
siom and 3He tube locatwns,

TABLE 1, Summary of Detector Characteristics

Height 160cm
Width 7,6 cm
Length 100 cm

Number of 3He tubes 20 (per slab)
Tube active length (model) 152 cm (RS-P4-0860-201)
Efficiency 5,9% (w/polycthylcnc curtain

4.9% (w/c curtain)
lYc-away time 63 IAS

cadmium on tile glove-box side of the detector is rcquirr j
bemuse of the usc of the Plexiglas shield as part of the dcteaor
design to meet the efficiency rquiremcnt,

The spatisl response function of the GBAS instrument wos
characteriud by moving a 252Cf source ~long each iixi~ ccn -
tcmd between the slabs, and by the gcncrution of a rcspon$c
surface co~spondirig to thr summation of the two uxes puml -
Icl to the slab detectors. Figures 4 and S compa.rc tbc Momc
Carlo generated comcwicncc response curve with the ~)~tuiil

measured data for the vertical (z-axis) and horizontitl (X-UXIS)
directions, The measured data are plotted M discrete p{}int$.
As can be seen from both figures, the calcuhttcd uml mctisurwl
data gcneraily agree with the measured stiltisti~s (-2”; )
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Fig, 3. Phomgraph of glove-box assay syswm (GBAS1)
showing electronics rack, houing con~user and JSR -11
coincidence package, detec~or slabs with polyethylene
currain altached, and mock-up glove box at lhe LQS
Alumos restfacility.
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Fin, 4, Coinci&nce response for verrical (z-axis) displace.
ment of 2’2Cf source. Cuwe is MCNP-generated simulwion
dpoitm are acnmi metured data. #

Combining dw response functions fcw both axes yields Ihc sur.
fitce shown in Fig. 6, for the case of a 3-m-high by 3-m-long
g,love box and six rncasuremcnl positions. Each position is
~pproximately one full-width-at.half-maximum distance from
the neighlxwing position. For material Imatcd in dM cemer of
[he glove box (y - f) plane), the geomcrnc variulion of Ihc
respmsc function is within *10% over most of the glove-box
volume where plutonium ISexpcctcd to be Icvxwd, When [he
physical Ioca[ion of !he process equipment is mkcn into
account, the :ffec[ive area of “flmnew” is -W)%, wl~h [hc
regmtt a! [he bottom of [hc glove hox hcing ~he most Ilkcly
legion where holdup might bc located oulsidc of [he f 10%

100 75 50 25 0 25 50 ‘5 ,’)0
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Fig, S, Coinci&nce response jor horizontal (x-axis, parallel
10 &~ectors) displacemem of 252Cjsource. Curie ix IUCNP.
generaud skrudation and poirur we acrud measured &ta.

Fig. 6, Coincidence responte suqlwe for source mov:menl in
~k hnzcmal-verticai plain (78 plane),

zone. Again, the automatd nature of the PFPF process hcn -
efits the measuremcm by generally encasing the process
equipment that is most likely to contain plwonium holdup.
Confining the material results in the holdup a,rcasbeing more
Icxxlizcd, Figure 7 shows a top view of t,hcresponse t’unction
surface with shadd areas representing a response of at IC?SI
0,!4 rela[ive coincidence count rate, Material displuccmcnt
along the axis pcrpcnd.iculaz to the slabs (y-axis) results in an
increase in detector efficiency because of an increase in the
overall solid-angle, This is I <10% cffwr for displaccmcnls of
i~() cm from tie cen[er line, A co~tion for [hls in~rc~sc
mny be made by analyzing the [otals ra[e from euch dc[cumr
individually, Much of this effect will be rcdumd during dle
actual irtstntrrsem U* bccausc the plumnium will bc distributed
over a volume ratier than being in discrctc pank



Fig. 7, Top view of coincidence response stoface
showing locations where the relative coincidence
response is 0.9 or greater.

MEASUREMENT APPROACHAND CALIBRATION

The intimate coupling of tie detector ttsponse function and
movement over the glove box define the basis for the mea-
surement approach. The position matrix to be used depends
on the sim of the glove box. There are two vertical positions
for a 3-m-high glove box and one horizontal position for each
meter of glove box length. The particul~- position matrix (for
example, 2 x 6 for a 3-m by 6-m glove box) is part of the cali-
maon and therefore a given glove box will always be mappd
out with dte same number of positions. To map out the coin-
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cidence response from the glove box, the detectors are placed
in specially designed lifters and am positioned on both sides of
the glove box. Mer completion of a count at a given position,
the detectors are moved in unison to the next position and
counting resumes. This process is repeated until all positions
in the marnx arc measured. Facilitating this data acquisition IS
software developed specifically fm holdup measurements in
which the sample is larger than the detector (in this case, a
glove box). The user chooses how long to remain at a given
position, allowing areas of the glove box containing more
plutonium material to be measumd longer. After data ac~uisi-
tion is terminated at a marnx position, a 3-otest is performed
that tests for outliers. When the entire glove-box measurement
is completed, the data are taken to the inspection room and re-
viewed. As a part of this review, the enti data set for a glove
box is condensai into an quivaJent data set for a single mea-
surement. This is done so that the next step, transfer to the
LAEA program HLNC for conversion to grams of plutonium,
can be accomplished correctly.

Calibration of the GBAS instruments will be performed at
the PFPF facility in June 1990. This calibration effon will
consist of mapFing out ‘.~ecoincidence ttsponse of each glove
box needing to be mea.med Initial data will be a measure of
the existing plutonium content of the glove box. One or two
standards containing 500 g of plutonium will then be placd in
the glove box near the existing holdup and the glove box
mapped out in the same manner. This “add-a-gram” technique
will be mpcated several times, F@re 8 shows a typical glove-

box configuration and measurement matrix. The number and
location of matrix positions used in the calibration must also be
used for routine tmasuremen~ and as such the calibration pro-
cedure defines the position matrix to be used by the software
during normal use of the GBAS instrumetm
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P“ig,8. Schemutic ofgkwe bi)x with positionmatrti labeled, Memuremt’tttsmude (It
tk upper pos!tiott (row B) we a polyethylene {wtaittto compettsute for the la~k (~’the
Pkxigh Shiddirtg,



SUMMARY

Tltc ability of inspectors to measure in-processmaterials in
the fotm of holdup greatly enhances safeguards effectiveness
by extending dteir measurement capability to all materials in
the facility. With the inclusion of glove boxes in the sample
inventory, alJ the material in the plant is subject to the sampling
plan. The measurement approach taken is versatile, lending
itself toward application to other facilities and types of sam-
ples. The ability of nondestructive-assay equipment to take
advantage of aspcas of automated plant design improves assay
accuracy. The use of Monte Carlo calculational techniques
provides a convenient and accurate methd for detector design
and, in this case, optimization of the measurement approach.
Measurements made with the GBAS system o’~er time will en-

able the monitoring of plutonium accumulations at specific 10.
cations in the facility.
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